Overexploitation and Species Extinctions
Extinctions are part of the normal process of natural selection and evolution, but we now face a massive human-induced extinction crisis, with extinction rates estimated at 1000 to 10,000 times the expected rate (Pimm et al. 1995) . Currently, 24% of mammals and 12% of birds are at risk of extinction ( Hilton-Taylor 2000) . Overexploitation is a significant factor underlying species extinctions and frequently operates synergistically with other forms of humaninduced disturbances such as habitat loss ( Mace & Balmford 2000; Peres 2001 ). The richest areas for biodiversity are those with the highest numbers of threatened species, and these areas also have high numbers of malnourished and poor people ( Mainka 2002) . It is therefore a significant challenge to ensure the survival of species and the livelihoods of people dependent on those species in many parts of the world.
The World Conservation Union ( IUCN ) has two conservation goals that reflect the broad set of interests of the overall conservation community. (1) Face the extinction crisis. The extinction crisis and massive loss in biodiversity are universally recognized as a shared responsibility that should result in action to reduce this loss of diversity within species, between species, and in ecosystems. (2) Maintain or restore ecosystem integrity. Ecosystems can be maintained and, where necessary, restored, and any use of natural resources should be sustainable and equitable. We discuss the use of wild species for meat within the context of the extinction crisis, acknowledging that loss of species can also have serious consequences for ecosystem function (e.g., Kaiser & Jennings 2001) .
The 2000 IUCN Red List ( HiltonTaylor 2000) contains information on the conservation status of a selected set of species. The evaluated species include all mammals, all birds, and many of the most commonly exploited wild-meat species. Therefore, we concentrate on the role of overexploitation in the decline of bird and mammal species. Of the 24% of mammals threatened with extinction, direct loss and overexploitation is considered a major threat to 34% ( Hilton-Taylor 2000) . Overall, overexploitation is such a major issue that it actually triggered red listing for 14% of threatened mammals ( Table 1) . Of most concern are the 15 critically endangered species (8% of all critically endangered mammals) for which exploitation is believed to be largely responsible for the population decline.
Mace and Balmford (2000) recorded 1102 major threats to 600 species of mammals, including nonthreatened species. Overkill, including use of species for food and body parts, ranked as the second most common threat following that of habitat loss and was most common for local markets and for human use rather than ornamentation. Overkill affected about one-third of the species assessed and was a significant threat to several orders, including Chiroptera, Primates, Carnivora, Perissodactyla, Artiodactyla, and Lagomorpha. Purvis (2001) assessed body size, life history, and pressure from overexploitation for seven mammalian orders. He found that those most at risk from overexploitation were large and reproduced slowly, such as Proboscidea, Perissodactyla, and Artiodactyla.
Twelve percent of bird species are threatened with extinction, and of these overexploitation is considered a threat for 37% (Hilton-Taylor 2000) . Population declines as a result of overexploitation are sufficiently serious to cause the red listing of 11% of threatened birds (Table 1) . Of most concern are the 11 critically endangered species (6% of all critically endangered birds) for which exploitation is believed to be driving massive population declines.
BirdLife (2000) identified 233 bird species for which hunting for food is a major threat. In some of these cases, however, hunting has not reduced populations sufficiently to warrant their inclusion on the Red List (i.e., through the use of criterion A1d and/or A2d; Table 1 ). The majority of these are nonpasserines, and the birds are often large and conspicuous, exemplified by the Galliformes (e.g., cracids, megapodes, pheasants). There are about 290 species in this order, and 25% are at risk of extinction ( McGowan 2002) , which is twice the proportion for all bird species. Overexploitation is an issue for 88% of the 73 threatened species (McGowan 2002) . Unsustainable levels of exploitation for food and income needs by an expanding human population clearly have significant consequences for the survival of many species of birds and mammals.
In addressing the issue of local extinctions of species due to irreversible declines in individual populations, it is critical to acknowledge that exploitation occurs in landscapes subjected to various other disturbances, such as fragmentation caused by logging and slash-andburn agriculture (Wilkie et al. 1992; Oates 1996; Robinson et al. 1999) . Forest fragmentation can exacerbate the effects of overexploitation and accelerate the process of local extinction through a variety of mechanisms (Peres 2001) . Increasing levels of habitat loss and overexploitation make it imperative for us to understand the possible synergistic effects of these two factors on population declines and to find ways to reduce and reverse habitat loss. One obvious way is to provide systems of representative protected areas, which are an essential component of biodiversity conservation. But such reserves will not be viable in the long term if they are located in a hostile environment (Anonymous 1997), so broader approaches to maintaining and restoring habitat integrity are a priority in increasingly fragmented ecosystems.
As outlined above, overexploitation has been identified as a major threat to around one-third of the bird and mammal species that are threatened with extinction. If wild meat is important to human populations for food and livelihood, then ways must be found to ensure the survival of exploited species. The Yaoundé workshop participants considered the following three problems as those that most affect the sustainable exploitation of species: (1) poor management of wildmeat resources, (2) lack of incentives for resource conservation, and (3) lack of intersectoral collaboration.
Of these three areas, it is the management of wild-meat resources to which conservation biologists can contribute most significantly, particularly by working with wildlife managers to develop practical and reliable models of sustainable wildlife harvest. Sustainable utilization of wild-species resources requires an adaptive approach to wild-species management, appropriate incentive schemes ( IUCN 2000) , and the enabling environment of intersectoral collaboration. An adaptive-management approach includes determination of the parameters of sustainability as an important step in the process (Milner-Gulland & Akcakaya 2001) . But the lack of working models for sustainable use of wild species for meat is indicative of the difficulties associated with implementing effective adaptive management of these resources ( Robinson et al. 2000) . According to MilnerGulland and Akcakaya (2001), a significant constraint is the paucity of adequate biological knowledge about sustainable off-takes for the assessment of sustainability, which means that uncertainty must be incorporated into the assessment methods employed ( IUCN 2000) . That said, it is relevant to note that although biological data are essential, the most important aspect of wildlife management is not exhaustive knowledge of the biological details, but rather the need for adequate monitoring of direct or indirect indices of population abundance (Bell 1983; Hillborn & Walters 1992) . Abundance data then need to be effectively communicated to harvest managers to ensure that harvest levels are adapted appropriately.
Overall, an important role for the conservation community is to determine how to attain effective management of harvests. Based on an analysis of schemes aimed at wildlife conservation through sustainable use, the International Institute for Environment Development (IIED) concluded that part of the failure of such projects was their biological focus. This focus comes at the expense of a full participatory approach and in the absence of an enabling environment provided by appropriate national and local policy on resource tenure (IIED 1994) . Biologists and extension workers need to collect and share the relevant biological information with resource managers to ensure that harvests are not detrimentally affecting wild populations of species used for meat.
From a conservation perspective, the poor management of wild-meat resources is a critical problem, and a win-win solution for wildlife-dependent human populations and exploited species is urgently needed. Tackling unsustainable exploitation, however challenging, is clearly necessary to ensure the continued survival of exploited species in the wake of escalating demand. Biological information is undoubtedly vital to the effective management of species, but appropriate intersectoral collaboration is equally important if we are to make the best use of available information. (IUCN 2000) .
